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Resum 
 
Aquest treball forma part d’un projecte del Departament de Física Aplicada de 
la Universitat Politècnica de Catalunya realitzat per un equip d’estudiants al 
Laboratori de Microgravetat de l’Escola d’Enginyeria en Telecomunicacions i 
Aeroespacials de Castelldefels on es pretén fer un pas més en la investigació 
de les ones acústiques i en el paper que aquestes tenen sobre els processos 
d’ebullició en condicions de microgravetat mitjançant un coet REXUS facilitat 
per l’Agència Espacial Europea (ESA).  
 
Tot i que el projecte abasta molts temes diversos degut a la complexitat de 
l’experiment, el document se centra en una part de l’electrònica d’aquest, i 
principalment, en la programació del software que el controla mitjançant el 
programa LabView de National Instruments.  
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Overview 
 
This work is part of an experimental project carried out at the Departament de 
Física Aplicada of the Universitat Politècnica de Catalunya (UPC) by a five 
student-team at the Microgravity Laboratory in Escola d’Enginyeria en 
Telecomunicacions i Aeroespacials de Castelldefels (EETAC) with the aim of 
going one step further in the studies of the interaction between bubbles and 
ultrasound following the previous work developed at the UPC Microgravity 
Laboratory. The goal of the experiment is to study the interaction between an 
acoustic fields and the boiling phenomena to enhance heat transfer and mass 
transfer in microgravity conditions on a REXUS sounding rocket. Access to this 
platform was granted by the European Space Agency. 
 
The complexity of the experiment presents a large number of tasks in different 
aspects such as mechanics, electronics, software or the assembly of the 
experiment. This document is focused on a part of the electronics design, and 
mainly, the control software programming by means of LabView from National 
Instruments.  
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Introduction  1 
INTRODUCTION 
 
The BOILUS project aims to study the interaction between acoustic fields and 
boiling processes under microgravity conditions. In order to achieve that, the 
team applied for the REXUS program (Rocket Experiment for University 
Students) of the German (DLR) and Swedish (SNSB) space agencies in 
collaboration with the European (ESA). The experiment will fly in a sounding 
rocket able to reach between two and three minutes of microgravity conditions 
before falling down. 
 
The complexity of the experiment was evident from the beginning of the project. 
It embraces many different aspects of engineering such as mechanics, 
electronics or software and phyisics of the experiment, always taking into 
account the requirements of the rocket. Furthermore, the REXUS program has 
its own requirements such as documentation, reviews of the experiment or the 
outreach planning which have been tasks to be taken into account as well. 
 
This document consists of the description of the programmed code in LabView 
from National Instruments. In order to obtain the final code, the first task was to 
study in depth the main functionalities of this program along with designing 
several examples to verify all requirements could be fulfilled. 
 
In general, this project has been really rewarding. Although it is focused on 
programming, each member of the team has worked in parallel but at the same 
time in a transversal way which has allowed to share and to acquire 
knowledges about all fields of the experiment. In addition, participating in such a 
program where the space agencies are training students with lectures, reviews 
and, advices from experts, trips, acquaintances, all together has resulted in a 
great opportunity and unique experience.  
 
This document introduces the reader to the project in the first place, presents 
the part of the electronics, introduces the basic functionalities of LabView and 
how they have been implemented in the software of the experiment. 
 
The first chapter introduces the context of the experiment, the distribution of 
tasks within the BOILUS team composed of students from EETAC, and the 
participation in REXUS program. 
 
The second chapter discusses the sensors of the experiment, the reason why 
they were selected, the research performed and the final decision, along with its 
conditioning and calibration. This chapter addresses the selected data 
acquisition system. However, this document is not focused on the electronic 
design. 
 
In the third chapter, the programming language used in the experiment is 
presented, the main functionalities used in the code, the LIFA interface 
(LabView Interface for Arduino) and the functionalities referred to the function 
generator control. 
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Finally, the fourth chapter is focused on the control software of the experiment. 
The timeline of the flight is presented along with the interaction between the 
experiment and the rocket service module. The functionalities of the 
programmed code are detailed, how they work and how it can be manipulated.  
 
The remaining parts of this document are the conclusions, the main references 
along with the appendices required to complement this document as a part of 
BOILUS experiment.  
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CHAPTER 1. CONTEXT 
1.1. REXUS Program 
1.1.1 Introduction 
 
The REXUS (Rocket Experiment for University Students) projects within the 
REXUS/BEXUS program allows European university students to carry out 
scientific and technological experiments on sounding rockets. Each year, two 
rockets are launched from Kiruna, Sweden, carrying up to 10 experiments fully 
designed and manufactured by student teams. 
 
The basic idea behind REXUS is to provide an experimental space platform for 
students in the field of aerospace technology. Besides additional study 
motivation, the students also gain experience in scientific experimental probe 
design, project team work and management which are important knowledge for 
their future careers.  
 
The REXUS/BEXUS program is carried out under a bilateral Agency Agreement 
between the German Aerospace Center (DLR) and the Swedish National Space 
Board (SNSB). The Swedish share of the payload has been made available to 
students from other European countries through collaboration with the 
European Space Agency (ESA). 
 
Finally, EuroLaunch, a cooperation between the Esrange Space Center of SSC 
and the Mobile Rocket Base (MORABA) of DLR, is responsible for the 
campaign management and operations of the launch vehicles. Experts from 
DLR, SSC, ZARM and ESA prove technical support to the student teams 
throughout the project.  
 
1.1.2 The rocket 
 
The experiments are thrusted by 290 kg of solid propellant through an Orion 
engine. The rocket is able to carry up to 40 kg of experiments and to reach a 
height of 90 km. The length of the vehicle is 5.6 m with a diameter of 35.6 cm. 
The current campaign is called REXUS19/20 since it is the 19th and 20th 
campaign performed. 
 
The REXUS user manual is a detailed guide containing all the aspects related 
to the rocket. The teams have to follow it and to take into account the 
requirements. 
 
 
4                                                               Design and integration of the electronic parts of a suborbital payload 
 
1.1.3 Timeline  
 
In this section, REXUS timeline and the main events of the program are 
presented. The duration is about 18 months. Along this period, experts are 
performing detailed reviews of the experiments which implies, from the team's 
point of view, preparation of presentations about the status of the experiment 
and continuous updates of the documentation of the experiment. This last part 
is going to be detailed in the following sections.   
 
 
 
Figure 1.1 – Main phases and events of the REXUS19/20 
 
 
The program is divided in six phases well differentiated. The first one is called 
phase 0 and takes place the previous months before the selection workshop. 
The key point is the proposal document and the presentation in front of the 
experts. If the team passes the final selection workshop, then, they are officially 
part of REXUS program. After that, phase 1 starts.  
 
 
 
Chapter 1. Context  5 
From this point, the team has to work hard on the experiment design by taking 
into account all the requirements from the REXUS User manual. During this 
phase, the Student Training Week takes place where experts from DLR, SSC, 
ZARM and ESA perform lectures about a wide range of fields such as software, 
electronics, mechanics, project management and outreach, in order to guide the 
teams. Besides, there is the first review called PDR (Preliminary Design 
Review). The students must prepare a presentation about the status of their 
experiment, critical points and incoming tasks. If the team passes this review, 
the experiment enters phase 2. 
 
During the second phase, the team keeps working on the design taking into 
account the recommendations and considerations received during the PDR. 
The main event in this phase is the second review of the project; which is called 
CDR (Critical Design Review) where the status of the experiment should be 
advanced. Likewise, another presentation must be performed by the team 
which is assessed by the experts and discussed with the team. 
 
Once the CDR is passed, phase 3 begins. During this phase, the design of the 
experiment must be frozen, i.e. there should be no major changes. The review 
corresponding to this phase, which is called IPR (Integration Progress Review), 
takes place at the team’s facilities. After checking everything is progressing 
properly and reviewing the incoming weeks, phase 4 starts. 
 
From this moment, the team will be focused on the assembly of the experiment. 
During this phase, the experiment will be almost fully assembled and ready for 
shipment. The review is called EAR (Experiment Acceptance Review). The 
experts come back to the team’s facilities. At the end of this phase, it takes 
place the Integration Week takes place. At least, two members of the team  
(mechanics and electronics) have to attend the integration facilities to perform 
the remaining tests, such as the vibration test which are important to pass.  
 
Finally, in phase 5, the launch takes place. The remaining preparations and 
tests will be performed. After the flight, which is phase 6, it is time for 
documentation and data analysis 
 
To sum up, the REXUS calendar has a well-structured organization that 
promotes the evolution of the experiment. The continuous review of the status 
of the experiment is a key aspect for the correct development of the experiment. 
 
1.1.4 Student Experiment Document 
 
The Student Experiment Document contains all the information about the 
experiment and the team. The document is divided in different sections which 
are shown in Table 1.1. During the project, each member of the team has been 
in charge of updating their own section but always taking into account their 
partners’ work. 
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As mentioned, the SED is a detailed guide about the BOILUS experiment. It has 
been modified continuously during the project always reviewed by the experts 
from DLR, SNSB and ESA. The inappropriate evolution of this document or the 
experiment itself could imply the removal from the REXUS program.    
 
 
Table 1.1. SED Structure 
 
Chapters Content 
1. Introduction Background, objectives, team details and contact 
2. Requirements Functional, performance, operation, design and limitations 
3. Planning Tasks, calendar, outreach and risk analysis 
4. Description Interfaces, components, mechanics, electronics and software 
5. Tests Tests and verifications of requirements  
6. Campaign Operations during launch, activities pre- and post-flight 
7. Data analysis Results and data analysis plan 
8. Appendixes Reviews, datasheets, outreach, Gantt, simulations… 
 
1.2 BOILUS Experiment 
1.2.1 Introduction 
 
Efficient fuel storage in microgravity conditions has an important role in long-
term space missions. Cryogenic fuels are the best propellant candidates to 
perform this task; they are cheaper and environmentally friendly. The main 
drawback is their low storage temperature (e.g. LH2 is stored at 20K). 
 
During long-term missions, multi-layer insulators would not be enough to protect 
the tank from radiation deterioration. The increase of temperature in the tank 
walls would cause heat leaks, which in turn would generate localized boiling 
leading to bubble formation. Vapour bubbles under reduced g-forces cannot rise 
up the liquid phase as in terrestrial conditions and its accumulation can be 
hazardous for tank engine restart, loading and space propellant management.  
 
Boiling is a very complex process owing to the interaction of numerous factors 
and effects. In microgravity conditions, the convection processes disappears, 
the heat flow and heat transfer mechanisms are completely altered, and in 
consequence, the nucleation begins earlier.  
 
The BOILUS experiment is inspired in the projects developed last years in UPC 
Microgravity Laboratory. Other similar experiments have been carried out 
through ESA Education Programs. In 2012, members of the laboratory 
investigated the interaction between boiling and acoustic fields along Spin Your 
Thesis! Program. Based on the results obtained, the BOILUS experiment aims 
to move one step further. This time, the aim is to study the interaction between 
boiling, acoustic fields in microgravity conditions. In order to achieve that, we 
developed an experimental set-up to investigate the efficiency of using a low 
power acoustic actuator to enhance boiling heat transfer by removing vapour 
bubbles from a flat heater surface.    
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1.2.2 The experiment 
 
The experimental set-up (see Figure 1.2) consists of a test-cell and 3 systems: 
boiling, ultrasound generation and data acquisition.  
 
A test-cell (aluminium cube) is filled with a low boiling point refrigerant to 
perform the boiling experiment at 60ºC. In one of the lateral walls of the test-
cell, a heater is located to induce boiling and to achieve the required conditions 
for the study of heat transfer and vapour bubbles generation. A piezoelectric 
transducer (PZT) is attached to the opposite face of the heater’s face. A 
function generator sends a controlled (frequency and amplitude) sinusoidal 
signal to the PZT which in turn generates an acoustic wave.  
 
The propagated wave in the liquid produces heat transfer (changes in heat flux) 
and mass transfer (bubbles growth and detachment). These phenomena will be 
studied by measuring the temperature variations with thermocouples sensors 
(TCs) and by recording high-speed videos of the process during the 
microgravity phase while a LEDs matrix is lighting the inside of the test-cell. 
 
Figure 1.2 shows the block diagram of the experimental set-up. The brown 
blocks represent the Printed Circuit Boards (PCBs) designed to control the 
experiment and to acquire data. Red arrows represent voltage powering electric 
components, while green arrows refer to data transmission. On the other hand, 
yellow arrows represent the signals in charge of activating the protocols, and 
finally, the blue ones show the telemetry processes. 
 
 
PZT
                 PC
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Generator
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Heater
GoPro LEDs
TCs
Heater 
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GoPro 
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GoPro 
Control 
Microprocessor
REXUS 
SERVICE 
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Interface DC/DC
Telemetry
Accelerometer
Power 
Control  
16-bit
ADC
Power
Data
 
 
Figure 1.2 – Experimental set-up 
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1.2.3 Project distribution 
 
The main tasks defined at the start of the project are shown in Figure 1.3. The 
project started in October 2014, when BOILUS team was created and the 
proposal document was sent to ESA in order to apply for the REXUS program. 
However, the previous tasks performed are important too since without them, 
there would be no project. 
 
Figure 1.3 shows the distribution of tasks within the BOILUS team: 
 
 
 
 
Figure 1.3 – BOILUS team distribution tasks 
 
 
Each task implies more subdivisions with more tasks that have to be taken into 
account. This document focuses on the tasks shown in green (Data acquisition, 
Sensors condition and Software Design).  
 
For further information, check Appendix A. Project Distribution.  
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CHAPTER 2. ELECTRONICS 
 
2.1 Accelerometers  
 
Data acquisition from the accelerometer has an important role since it will allow 
obtaining more accurate conclusions about the effect of rocket acceleration on 
the physical phenomena and a better data synchronization during the flight.  
 
2.1.1 MMA7260QT 
 
In previous experiments at the Microgravity Lab, the accelerometer was the 
MMA7260QT from Freescale Semiconductor. The main features of the sensor 
are in Table 2.1.  
 
 
Table 2.1. MMA7260QT characteristics 
 
Characteristics Values 
Range ±1.5g to 6g 
Low Current Consumption 500µA 
Low Voltage Operation 2.2 to 6V 
Size (Breakout Board) 2.5cm x 5cm 
Sensitivity 800mV/g @ 1.5g 
Operating range -40 to 105 ºC 
 
The main inconvenient of this chip was the age since it was no longer 
manufactured since 2008. So, the objective was to find a new sensor with 
similar features which fulfilled the experiment requirements.  
 
2.1.2 ADXL335 
 
The trade-off between performances and price lead BOILUS to choose the 
ADXL335 from Analog Devices Inc. An analogical sensor which guaranteed the 
requirements of the experiment.  
 
 
Table 2.2 ADXL335 characteristics  
 
Characteristics Values 
Range ±3g 
Low Current Consumption 350µA 
Low Voltage Operation 1.8 to 3.6V 
Size (Breakout Board) 2cm x 2cm 
Sensitivity 300mV/g 
Operating range -40 to 85 ºC 
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2.1.3 Sensor conditioning 
 
ADXL335 is placed in a breakout board which facilitates the connection with the 
data acquisition system since it can be directly connected.   
 
In Figure 2.1, the main connections between ADXL335 and the data acquisition 
system (Arduino board) are shown: 
 
 
 
 
Figure 2.1 – Connections between ADXL335 and Arduino 
 
 
Arduino is reading analogically the difference of voltage in each axis and 
ground, then, these readings will be converted to acceleration by using different 
conversion factors in the code which will be explained later in Chapter 4. 
 
2.1.4 Sensor calibration 
 
From the information given by the manufacturer in the datasheet, the calibration 
of this sensor is performed through the calibration positions show in the 
datasheet and by using a calibration code.  
 
This code has been designed with LabView and is available in Appendix B. 
ADXL335 Datasheet of this document. This code is based on obtaining 15 
measurements for three known positions. From these measurements, the 
average is computed and then, offset and sensitivity for each axis are obtained. 
 
These offset and sensitivity are used in the conversion factors of the main code 
to obtain the acceleration for each axis.  
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2.2 Thermocouples 
 
Thermocouples are the chosen sensors to acquire temperature data. Although 
the experiment did not aim to measure high temperatures, it tried to measure 
fast time response temperatures, and above all, a small sensor which was able 
to fit in the rocket conditions was required while taking into account the budget 
of the experiment.   
 
2.2.1 Thermocouples of the experiment 
 
The objective was to use 5 T-Type thermocouples placed inside the test-cell to 
obtain the thermal profile along the physical phenomena of the experiment.  
 
T-type thermocouples were the best option since they fulfilled the rate sample 
requirements with a frequency of 120 Hz and accuracy of 0.1ºC. 
 
 
 
 
Figure 2.2 – T-Type Thermocouple 
 
2.2.2 AD595-C 
 
AD595 chip works as an amplifier and at the same time is a cold junction 
compensator which produces a linear output of 10 mV/ºC in case of a 
thermocouple is connected. It is powered at 5 V and this chip has been 
specifically designed to acquire temperature from T and K-Type thermocouples 
while there are other versions such as the AD594 designed for J-Type. The 
range of AD595-C is placed between 0 and 50ºC with a resolution of ±1ºC once 
the sensors are calibrated. The performances fulfil the experimental 
requirements.   
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Schematics of this chip are shown in Figure 2.3. For further information, check 
the datasheet in Appendix E. AD595 Datasheet.   
 
 
 
 
Figure 2.3 – AD595 Schematics 
 
2.2.3 Sensor conditioning 
 
Once the output from AD595 is obtained, the voltage is first amplified and then 
filtered in order to reduce the noise in the measurements. The amplifier and 
capacitors used were chosen taking into account the rocket requirements.  
 
Finally, the data acquisition is in charge of using the right conversion factor in 
order to obtain the temperature measurements in ºC.  
 
The block diagram of this T-type thermocouple conditioning circuit is shown in 
Figure 2.4:  
 
 
Thermocouple 
T-Type
AD595 Filter
Data 
Acquisition 
System
 
 
Figure 2.4 – T-Type thermocouples conditioning circuit 
 
 
In order to check out the filter, different measurements were performed (with 
and without filter). In Figure 2.5, it can be seen how the low pass band filter has 
reduced considerably the noise in the temperature measurements.  
 
From this point, the next step was to design the PCB circuit to reduce the size 
of the circuit, which is not explained in this document since it belongs to another 
Bachelor Thesis.  
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Figure 2.5 – Temperature measurements with and without noise 
 
 
2.2.4 Sensor calibration  
 
In order to perform the calibration of the thermocouples, a calibrated 
thermometer is going to be used by taking different temperature measurements 
using both sensors, the thermometer and the thermocouple, and computing the 
equation shown in Formula 2.1:  
 
 
Y = a · X + b 
(2.1) 
 
 
Where X represents the thermocouple temperature and Y is the real 
temperature. From this measurements, variables a and b are computed and 
afterwards, implemented in the conversion factor used in the temperature 
acquisition code. 
 
 
 
 
Figure 2.6 – Thermometer used to calibrate thermocouples 
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2.3 Data acquisition 
 
One of the initial problems that came up was the data acquisition system. First, 
the old system the team was using in the laboratory is presented, and after that, 
the chosen flight system to acquire the data of the experiment following certain 
requirements is shown.  
 
2.3.1 KUSB-3108 
 
The heater used in the experiment was designed by the French company 
Captec. The conditioning of the sensors was manufactured by them and the 
data acquisition system previously used was the KUSB-3108 together with a 
program called Delphi. 
 
 
 
 
Figure 2.7 – Data acquisition card KUSB-3108 
 
 
The heater has three low sensitivity sensors (order of µV/ºC). Two of these 
sensors are thermocouples (specific sensitivity) placed in the middle of the 
heater. A third thermocouple (T-type) is placed in the connection point. The 
heater schematic is shown in Figure 2.8: 
 
 
 
 
Figure 2.8 – Heater schematics 
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KUSB-3108 card has 16-bit of resolution and it has a cold junction compensator 
which is ideal to compensate thermocouples and obtain the absolute 
temperature. However, the two problems that this card implied were the size 
and the software programmed in Delphi. 
 
The space in the module of the rocket is limited. The experiment has 20 cm 
height and 30 cm of diameter where all the components must fit. Due to the 
experience in previous experiments, Arduino was the board presented as the 
chosen one to acquire data which can be controlled by LabView from National 
Instruments.  
 
Arduino fulfilled the size requirements and, besides, it is a potent 
microprocessor very useful for acquiring analogical data.  
 
 
 
 
Figure 2.9 – Data acquisition board Arduino UNO 
 
2.3.2 Arduino MEGA and ADS1115 
 
 
 
 
Figure 2.10 – Data acquisition board Arduino MEGA 
 
 
Due to the experiment requirement of more than 5 analogical inputs, the team 
decided to use Arduino MEGA board which has 16 analogical inputs and whose 
size was still within space limits. 
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The main problem was the interface with heater sensors since Arduino had only 
10-bit of resolution. So, the team decided to use another analogical digital 
converter between the heater sensors and the Arduino.  
 
The chosen option was the 16-bit analogical digital converter, ADS1115, from 
Adafruit Company. A converter soldered in a breakout board, conditioned and 
ready to be connected to the sensors.  
 
 
 
 
Figure 2.11 – 16-bits Analogical digital converter, ADS1115 
 
 
The main characteristic of this board is its I2C interface with Arduino. The 
configuration of this interface will be explained in section 3.2.5 I2C Interface of 
this document.  
 
Figure 2.12 shows the explained two methods for acquiring data: 
 
 
TC (T-Type)
KUSB-3108TC (32uV/ºC)
Flowmeter
Heater
TC (T-Type)
ADS1115
TC (32uV/ºC)
Flowmeter
Heater
Arduino 
Board
I2C
Conditioning circuit
PC
PC
 
Figure 2.12 Data acquisition system diagrams. Used in lab (up); Used in the 
rocket (down) 
 
 
Unlike Captec, only the two low sensitivity sensors are connected to the 
converter ADS1115. The T-type thermocouple is using the conditioning circuit 
explained in the previous section 2.2.3 Sensor conditioning.  
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CHAPTER 3. INTRODUCTION TO LABVIEW 
 
3.1 Basic functionalities 
 
The first part of the work was to learn more about the functionalities of LabView 
program. So, several examples were built in order to familiarize more with the 
basis of this software and at the same time, some of them will be useful for the 
main code of the experiment.  
 
In the following sections, these examples are presented together with 
screenshots of the code. To learn how they work has been essential for this part 
of the experiment.  
 
3.1.1 Write file in .csv format  
 
There are many different ways to save files in LabView. However, this project 
had to store all the data in .csv format, and after that being able to open by a 
spreadsheet reader or editor. 
 
To achieve this, the code needs to declare different blocks and functionalities. 
The first stage initializes all the variables, introducing the file address which is 
the folder LabView data in this case. The blocks must be configured to write, 
read, and create file o replace it, depending on what the user wants to do. 
 
On the second stage, two variables are used (Time and Output), and finally, the 
third stage is where the variables are written down. In this example, the variable 
Output will be 1 the whole time, while the variable Time will write down every 
second the actual time with the hour-minute-second format. Using this, it allows 
knowing the value of the variables anytime.  
 
 
 
 
Figure 3.1 – LabView Block diagram. Writing file in .csv format example 
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3.1.2 Shift Register 
 
Shift Register is a basic functionality used in many programs that allows the 
user to save variables temporally. The following example shows this fact by 
saving the value of the variable b and changing its value to ao each new 
iteration of the loop while. By using an indicator (Numeric), the user can know 
how the variable b is evolving after each iteration.  
 
 
 
 
Figure 3.2 – LabView Block diagram. Shift Register example 
 
3.1.3 Local Constant 
 
The following example refers to the variables which can be saved in local 
constants. In this case, the variable b is saved in the local constant called 
Output 1 and, once the loop has been stopped, the program moves to the next 
stage where a new indicator shows the value of the variable saved previously in 
the local constant Output 1. From this example, another basic and useful 
functionality for the experiment is obtained.  
 
 
 
 
Figure 3.3 – LabView Block diagram. Local Constant example 
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3.2 LabView Interface for Arduino (LIFA) 
 
3.2.1 Main Blocks 
 
In the library LabView Interface for Arduino (LIFA) there are several 
functionalities able to program electronic circuits through Arduino Board. Figure 
3.4 shows the main blocks which have been used in this project.  
 
 
 
 
Figure 3.4 – LabView Block diagram. Arduino main blocks 
 
 
Initializing and shutting down Arduino is important in every example. Due the 
data acquisition of the experiment, the code uses mainly the analogical reading 
block. On the other hand, the Digital Write block is used to send signals and 
control the experiment. This block needs a previous block in order to configure 
it, called Set Digital Pin. Finally, the experiment requires I2C block as 
mentioned before. To access this interface, it is needed to initialize, configure 
the blocks to read or write. In the next sections, these functionalities will be 
detailed with simple examples.  
 
3.2.2 Arduino initialization and closure 
 
Figure 3.5 shows the configuration default parameters. The important ones in 
this experiment are Connection Type, the VISA resource and the Board Type. 
 
 
 
 
Figure 3.5 – LabView Block diagram. Arduino initialize and close blocks 
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3.2.3 Analog Input 
 
 
 
 
Figure 3.6 – LabView Block diagram. Analog block 
 
 
Next example, shown in Figure 3.7, aims to read a voltage introduces in the 
analog input A0 and display this value with an indicator. To stop the program, 
the user can use the stop button. As long as the user does not stop the 
program, it will continuously take measures due to the while loop.  
 
 
 
 
Figure 3.7 – LabView Block diagram. Analog input example 
 
 
In the example shown in Figure 3.7 and later on, the user is able to choose the 
Arduino Port. Every Arduino Board uses different Port. Thus, it is important to 
take this into account to avoid mal functioning. This variable is controlled by 
VISA resource control. Moreover, there is also an indicator in case Arduino 
does not work properly.  
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3.2.4 Digital Output 
 
In order to use digital pins, Arduino needs to know which pin will be used and 
how. Figure 3.8 shows the two blocks used to achieve that. 
 
 
 
 
Figure 3.8 – LabView Block diagram. Digital blocks 
 
 
Next example shown in Figure 3.9 aims to control a digital output. To achieve 
that, the blocks must be configured in Output mode and then choose the 
number of pin. The functionality Boolean has been used to control this output. 
ON means to have 5V as Output while OFF means 0V or ground (GND). In 
order to test this, the digital output has been connected to an analog input.  
 
 
 
 
Figure 3.9 – LabView Block diagram. Digital output example 
 
 
In the previous example, the user can choose the Port, the digital output and at 
the same time, the value read at the analog pin of Arduino.  
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3.2.5 I2C Interface 
 
I2C interface is a serial computer bus. The main characteristic is that it uses two 
lines to transmit the information. SDA for data and SCL is the clock signal. It 
also needs a third line which depends on the device and it refers to the “device 
address”. Every device has its own address.  
 
This communication is based on the devices, a Master and a slave. The first 
one transmits commands, starts the data transmission and creates the clock 
signal. In this case, the microprocessor Arduino is the Master and the analogical 
digital converter ADS1115 is the slave. LabView has three blocks to configure 
Arduino with I2C: Initialize, read and write which are shown in Figure 3.10: 
 
 
 
 
Figure 3.10 – LabView Block diagram. I2C blocks 
 
As said, the address is requested at the beginning of the communication. The 
ADS1115 converter has four different addresses depending on the physical pins 
configuration which are represented in Table 3.1: 
 
 
Table 3.1. ADDR PIN – ADDRESS 
 
ADDR PIN SLAVE ADDRESS 
GND 1001000 
VDD 1001001 
SDA 1001010 
SCL 1001011 
 
 
In this case, pin ADDR is connected to ground (GND), that is why the bits to 
transmit from the previous table are (1001000 or in decimal 72). 
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The converter needs to know what kind of instruction is dealing with, if read (R) 
or write (W). The blocks used in LabView automatically transmit that information 
to the device. These blocks are represented in Figure 3.10. 
 
ADS1115 has 4 different registers depending on the operation is taking place. 
However, again, the device needs to know in what register it is working and that 
can be configured with the Pointer Register. Depending on the transmitted bits, 
the user will have access to one register or another.  
 
 
Table 3.2. ADS1115 Registers 
 
Bit 1  Bit 0 Register 
0 0 Conversion Register 
0 1 Configuration Register 
1 0 Lo_thresh Register 
1 1 Hi_thresh Register 
 
 
In this experiment, we are going to focus on the second register. Configuration 
Register is used to configure variables such as the programmable gain, the 
number of analog inputs, the mode (continuous or single), etc. Depending on 
the bits transmitted the converted works at one configuration or another. So, it is 
important to read carefully the datasheet and to connect properly the ADS1115 
pins. 
 
Next example shows how to read an analogical input of 5 Volts. The right 
configuration is the one that allows the converter to work well. The full scale will 
be the maximum (6.144V). The two inputs used are A0 and A1, and finally, the 
conversion is continuously. From the datasheet, at least two bytes (16bits) are 
required to be written and configured. This configuration is shown in Table 3.3 
and Figure 3.11: 
 
 
Table 3.3. ADS1115 Configuration Register 
 
Bit Configuration Register 
15 Start Conversion 1 
10001110 
(128 decimal) 
14 to 12 AINP=A0, AINN=A1 000 
11 to 9 FS=±6.144V 111 
8 Continuous 0 
7 to 5 Data rate 128SPS  100 10000011 
(131 decimal) 4 to 0 Comparator disabled 00011 
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Figure 3.11 – LabView Block diagram. ADS1115 I2C example 
 
 
Several conversion factors must be applied in order to obtain the right value in 
millivolts. In this case, this factor is 0,1875 mV/bit. This example has been 
extremely important in the software of the experiment since it allows acquiring 
the temperature from heater sensors by using the converter ADS1115. 
 
 
3.3 Function Generator 
 
 
In order to use the function generator, it is required to install the right drivers 
since LabView has not these drivers by default.  
 
The main blocks used in this experiment are quite similar to the blocks used 
with Arduino. The function generator also needs to be activated and properly 
shut down. Figure 3.12 shows these blocks:  
 
 
 
 
Figure 3.12 – LabView Block diagram. Function Generator Initializing and 
Closing Blocks 
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Figure 3.13 – LabView Block diagram. Function Generator Config. Blocks 
 
 
Next example has been created to verify the functionalities of the function 
generator by the output with an external oscilloscope while the wave is emitted 
from the function generator at certain frequency and amplitude. 
 
 
 
 
Figure 3.14 – LabView Block diagram. Function generator example 
 
 
 
 
Figure 3.15 – Oscilloscope screen while Function Generator is active 
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CHAPTER 4. SOFTWARE OF THE EXPERIMENT 
 
 
The software of the experiment BOILUS has to able to run automatically along 
the flight and at the same time, it is required to be controlled by the ground 
segment through telemetry processes. The code programmed is responsible of: 
 
 Heater power control   
 Function generator control  
 GoPro camera control 
 Data storage in .csv (Comma Separated Value) format  
 Telemetry (Uplink and Downlink processes) 
 Trigger signals acquisition (SODS, LO and SOE) 
 Data acquisition (thermocouples and accelerometers) 
 
 
4.1 Flight timeline  
 
The experiment has three main protocols (GoPro, Heater and Function 
Generator) which are activated through the triggers send by the rocket service 
module (RXSM). These signals are called SODS (Start of Data Storage), LO 
(Lift-off) and SOE (Start Of Experiment) and they reach the experiment as a 5V 
analogical input at different time. The timeline of the flight is represented in 
Table 4.1: 
 
 
Table 4.1. Flight Timeline of the experiment 
 
Time Action Description 
T – 600’’ PC is powered on PC is switched on and enters standby mode, waiting for 
the first uplink signal to be received. 
T – 300’’ Nominal mode 
starts  
The first uplink signal selects nominal mode 
Data acquisition and storage of data from sensors start 
T – 240’’ SODS is sent GoPro starts recording.  
T LO is sent Function Generator Protocol Counter is activated 
T + 28’’ SOE is sent Heater Protocol Counter is activated 
T + 60’’ Heater is powered Heater is powered at different voltages 
T + 84’’ Function Generator 
is switched on 
Piezoelectric transducer starts applying different 
frequencies and amplitudes 
T + 300’’  End of experiment  Devices and PC are shut down from the code 
T + 600’’ Power is shut down The service module stops feeding the experiment 
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4.2 Start of the experiment 
 
The computer of the experiment has been configured to run the LabView code 
once it has been powered. 
 
Once the code is running, the program starts a counter and it waits to receive 
the first Uplink. From this moment, all the variables have been initialized and 
are displayed on the screen (if connected) or through the ground segment since 
they are continuously downlinked. In case the counter reaches its limit and no 
uplink has reached the experiment, the program will execute the nominal mode 
automatically.  
 
Figure 4.1 shows the Block diagram of the experiment: 
 
 
START
Nominal 
Test?
Nominal 
Mode loop
TRUE
Uplink?
Test Mode 
loop
Uplink signal 
loop
Stop test?
FALSE
TRUE
Stop 
Programe?
FALSE
FINISH TRUE
End of 
sequence?
FALSE
TRUE
PC shut 
down
No uplink 
after 5'?
TRUE
FALSE
FALSE
Downlink 
loop
 
 
Figure 4.1 – Block diagram of the experiment sequence 
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4.3 Nominal mode 
 
4.3.1 Overview 
 
This mode has been divided in different stages which are executed 
simultaneously. First, the code initializes all the variables where all the statuses 
are reset to avoid errors. On the other hand, the Arduino board, the function 
generator and, the file to store data, are initialized and ready to be used.  
 
Then, the program starts acquiring data from the sensors continuously, and at 
the same time, waiting for the signals from the service module. Once these 
triggers reach the experiment, the pertinent protocols will be activated. This will 
be explained in more detail in later sections.  
 
Telemetry (Uplink and Downlink) will be present and active along the flight 
independently on the mode that is running. The ground segment will know 
constantly the status of the experiment.   
 
Once all the protocols are finished, the experiment continue taking 
measurements from sensors, but after some time, the program will shut down 
all the devices, and at the end, the computer too.  
 
 
Nominal 
Mode loop
Variables 
Initialization
File 
Initialization
Func. Gen.
Initialization
Data 
acquisition
Arduino 
Initialization
SODS? LO? SOE?
GoPro 
Protocol
Func. Gen. 
Protocol
Heater 
Protocol
TRUETRUE TRUE
End of 
sequence?
FINISH
Storage of 
data
 
 
Figure 4.2 – Block diagram of the Nominal Mode 
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4.3.2 Storage of data in .csv 
 
Compared to the example explained in the previous chapter, the storage of data 
in the experiment has been a complex task due to the large amount of 
variables, but it still works by the same principle. Figure 4.3 refers to this stage 
where all variables are introduced, the address and configuration required to 
write all the variables in .csv format.  
 
 
 
 
Figure 4.3 – LabView Block Diagram. Writing in file from Main Program 
 
 
After this initializing stage, there are all the other stages of the experiment 
where protocols take place, the data acquisition and, at the end, the stage 
where all the acquired variables are written in the file which is shown in Figure 
4.4. 
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It must be clarified that the first variable means the time with hour-minute-
second format, which saves the actual time every second.  
 
The variable Output FG needs a conversion since it is a Boolean variable. True 
has become a 1 and False is 0. The remaining variables are numeric, so, they 
do not need any conversion. By using the local constant functionality, they can 
be written directly.  
 
 
 
 
Figure 4.4 – LabView Block Diagram. Writing in file from Main Program 
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4.3.3 Devices initialization  
 
As said before, to use Arduino board from LabView it is needed to initialize 
Arduino taking into account the Port, the kind of board and connections. In the 
experiment, the configuration chosen is shown in Figure 4.5: 
 
 
 
 
Figure 4.5 – LabView Block Diagram. Arduino Initialization 
 
 
Similarly to the Arduino board, the function generator also needs to be 
initialized. The configuration used in the experiment is shown in Figure 4.6. 
Besides, once the function generator is on, the local variable Output FG 
updates its value to True. 
 
 
 
 
Figure 4.6 – LabView Block Diagram. Function Generator Initialization 
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4.3.4 Heater Power Control 
 
This protocol is based on appyling different voltages at different times. 
Electronically, the circuit uses transistors which work as switches and they are 
activated from the Arduino by means of the digital outputs.  
 
When the SOE is received, the control variable activates this protocol, the 
digital output number 7 will send 5 V and the first switch will allow the heater to 
be powered at 12V. By using a timer, the time at 12V is controlled. Then, at 
certain time, the digital output number 7 will be 0V and a second digital pin will 
be activated and the switch will allow the heater to be powered at 6V. When the 
counter reaches the second limit, the experiment will stop powering the heater. 
 
 
 
 
Figure 4.7 – LabView Block Diagram. Heater Power Protocol 
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4.3.5 Function Generator Control 
 
When LO signal is received, a counter starts running, and after certain time, this 
counter will activate this function generator sequence. This protocol is based on 
applying different amplitudes at different frequencies. To achieve this, two loops 
have been designed, one inside the other. The external loop controls frequency 
while the internal one is changing the amplitude. The variable Time sequence is 
the time which defines the time for amplitude. When this sequence finishes, the 
program changes the frequency and then, it repeats the sequence again, and 
so on. 
 
The conditions that limit the change of amplitude or frequency are variables 
introduced previously in order to get autonomy while the main program is 
running. 
 
 
 
 
Figure 4.8 – LabView Block Diagram. Function Generator Protocol 
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4.3.6 Camera Control and Status  
 
When SODS signal is received, the camera sequence will be activated. 
Switching on and off the GoPro camera has been designed an electronic circuit 
with a transistor which works as a switch. At the same time, from the code it is 
send a digital output of 5 V or 0 V to control it. 
 
One peculiarity of this camera is that it needs to receive this 5V (switch on) at 
least 3 seconds for it to respond. On the other hand, the code to switch off the 
camera works exactly the same way. Figure 4.9 and Figure 4.10 show the 
example designed to test this sequence which is implemented in the main code 
of the experiment and work automatically together with the status of the camera 
which is controlled by an analog input of Arduino.  
 
 
 
 
Figure 4.9 – LabView Block Diagram. GoPro control example (Switch ON/OFF) 
 
 
 
 
Figure 4.10 – LabView Block Diagram. GoPro control and status 
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4.3.7 Wall thermocouples acquisition 
 
Taking into account the thermocouples conditioning explained before, the code 
designed for the temperature acquisition is based on reading the analog input of 
Arduino, and, using the right conversion factor. In this case, as the output from 
AD595 is 10 mV/ºC and the gain of the amplifier is 5.7, the next conversion 
factor is used: 
 
 
 
(5.1) 
 
 
 
 
Figure 4.11 – LabView Block Diagram. Wall Thermocouples stage 
 
4.3.8 Accelerometer acquisition 
 
First, the calibrating code was designed based on data acquisition for a given 
positions from its datasheet. From these values, the code is taking 
measurements and the average is computed in order to obtain the offset and 
sensitivity values. Figure 4.12 shows one of these calibrating positions. The 
detailed code is on Appendix B. Accelerometer calibration code. 
 
 
 
 
Figure 4.12   – LabView Block Diagram. Accelerometer Calibration  
36                                                               Design and integration of the electronic parts of a suborbital payload 
 
The accelerometer data acquisition code is shown in Figure 4.13: 
 
 
 
 
Figure 4.13   – LabView Block Diagram. Accelerometer Data Acquisition 
 
4.3.9 Heater sensors acquisition 
 
As explained in section 2.3 Data acquisition, the ADS1115, a 16-bit analogical 
digital converter which uses I2C interface has been implemented due to heater 
sensors low sensitivity.  
 
The thermocouple placed in the connection point, which is T-type, is using the 
conditioning circuit explained in section 2.2.3 Sensor Conditioning, while the 
sensors placed in the middle of the heater will be connected to the ADS1115. 
The temperature sensor is connected to the A0 and A1 inputs while the 
flowmeter is connected to the A2 and A3 inputs. The specified configuration in 
Configuration Register will be almost the same for both sensors except for the 
inputs. This configuration and the bits transmitted to the converter are shown in 
Table 5.1:  
 
 
Table 5.1. ADS1115 Configuration 
 
Bit Thermocouple Flowmeter 
15 Start Conversion 1  
10001110 
(142) 
Start Conversion 1  
10111110 
(190) 
14 to12 AINP=A0, AINN=A1 000 AINP=A2, AINN=A3 011 
11 to 9 FS=±0.256V 111 FS=±0.256V 111 
8 Continuous 0 Continuous 0 
7 to 5 Data rate 128SPS  100 10000011 
(131) 
Data rate 128SPS  100 10000011 
(131) 4 to 0 Comparator 
disabled 
000
11 
Comparator disabled 00011 
 
For further information about the configuration bits, check ADS1115 on 
Appendix C. ADS1115 Datasheet.  
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Taking into account the I2C interface configuration, the final code designed to 
acquire data from heater sensors is shown in Figure 4.14. 
 
 
 
 
Figure 4.14   – LabView Block Diagram. I2C stage 
 
 
Due to the T-type thermocouples conditioning, an analog input has been 
implemented. This sensor, which is placed in the connection point, is used to 
compensate the low sensitivity thermocouple placed in the middle of the heater, 
so, the absolute temperature will be obtained.  
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4.3.10 Triggers acquisition 
 
There are two types of variables in triggers control. The received signals or 
variables are called Trigger X (where X is the name of the signal), and the 
control variables which are called Control X. 
 
 
 
 
Figure 4.15   – LabView Block Diagram. Control Triggers initialization 
 
The control variables are in charge of activating the protocols. Initially, their 
value is zero, but once the signals are received, the control variables will 
change to 5. 
 
The received signals are sent from the service module and they are read by the 
Arduino board as analog input. Once they are received, the condition required 
to update the control variables is that Arduino reads voltage higher than 4 V. If 
this happens, the control variable changes from 0 to 5, activating the 
corresponding protocol. 
 
 
 
 
Figure 4.16   – LabView Block Diagram. Triggers conditioning 
Chapter 4. Software of the experiment  39 
4.3.11 Devices shut down 
 
After compiling all the protocols and desired operations, the devices must 
receive the shutting down sequences. Figure 4.17 shows the closing block for 
Arduino: 
 
 
 
 
Figure 4.17   – LabView Block Diagram. Arduino shutting up 
 
 
The same happens with the Function generator. The specific block for shutting 
it down must be used, and in this case, the Output FG variable must be updated 
as well (False = OFF) 
 
 
 
 
Figure 4.18   – LabView Block Diagram. Function Generator Shutting down 
 
 
The sequence to shut down the computer automatically is shown in Figure 4.19. 
 
 
 
 
Figure 4.19   – LabView Block Diagram. PC Shutting down 
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4.4 Test mode 
 
This mode runs the main protocols in a different way. The function generator 
uses a different protocol, just to verify it works properly. One amplitude for a 
single frequency. The heater will not be powered. This is the only component 
that cannot be tested because it affects the physical phenomena. Finally, 
referring to the GoPro, once the experiment receives the SODS signal, the 
camera will be switched on and it will start recording, as usual.  
 
While the program is in Test Mode, telemetry is activated as well, and the 
program is able to send data to the ground station. On the contrary, there is no 
storage of data in .csv file in this mode.  
 
To stop this mode, the experiment needs to receive another uplink signal. After 
receiving it, it will stop and run the Nominal mode automatically. 
 
In any case, the user is able to stop the whole program by using a special uplink 
signal which directly activates the shutting down sequence. 
 
 
 
Test Mode 
loop
Variables 
Initialization
Func. Gen.
Initialization
Data 
acquisition
Arduino 
Initialization
SODS? LO? SOE?
GoPro 
Protocol
Func. Gen. 
Test Protocol
SOE status 
TRUE
TRUETRUE TRUE
Stop test?
Stop 
Programe?
FINISH
TRUE
FALSE FALSE
Uplink signal 
loop
TRUE
 
 
Figure 4.20   – Block diagram of the Test Mode 
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4.5 Telemetry 
 
Through the telemetry protocol, the program is able to send data and to receive 
commands to control the experiment from the ground segment. 
 
Mainly, the telemetry was designed in order to run the experiment in Test mode. 
Although the Nominal mode can be activated by uplink signals, as explained 
before, the program is also able to run the nominal mode autonomously.  
 
The code designed to implement all the telemetry processes is not detailed in 
this document since it belongs to another Bachelor Thesis.  
 
 
4.6 Data acquisition interface 
 
The main connection between the Arduino board and all the components of the 
experiment is shown in Figure 4.21. The analog inputs are used by the sensors 
(thermocouples and accelerometer), the triggers (LO, SOE and SODS) from the 
service module which use Interface PCB, the status of the camera. On the other 
hand, the digital pins are in charge of controlling the heater protocol, camera 
and I2C interface. 
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Figure 4.21   – Data acquisition interface diagram 
42                                                               Design and integration of the electronic parts of a suborbital payload 
 
4.7 User screen 
 
This document only shows illustrations of the Block diagram of the code since 
the experiment will not be able to display the variables during the flight. 
However, if a screen is connected to the computer before the flight, the Front 
panel which the user would see is shown in Figure 4.22.  
 
 
 
 
Figure 4.22    – LabView Block Diagram. Front panel of the experiment 
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CHAPTER 5. CONCLUSIONS 
 
 
The aim of this Final Degree Project was to design a part of the BOILUS project 
consisting in the electronics and software needed to control the experiment 
under its requirements. After taking part in the reviews and tests performed in 
the laboratory and in the German Aerospace Center (DLR) supervised by the 
experts, it can be concluded that this goal has been achieved.  
 
The experiment is able to execute autonomously, always controlled by the 
ground station, the main protocols to work properly and to save the variables 
are saved in the correct format. As a consequence, a deep knowledge of 
LabView has been learnt, as well as the new functionalities such as function 
generator or I2C interface with Arduino.  
 
The electronic part has allowed me to practice some of the knowledge acquired 
during the degree, and what is better; it has allowed me to make mistakes. 
From these mistakes or malfunctioning of electric circuits or components, we 
have researched and we have learnt different solutions which, in my opinion, 
has been the best way to increase my knowledge. 
 
On the other hand, the opportunity of applying for a REXUS program campaign 
has been a great experience in many aspects as mentioned before. The 
constant formation or the direct contact with facilities or personnel from the 
space agencies has been really rewarding. 
 
Finally, working in such a large project makes you realize how important 
organization and teamwork are. The initial approach of a project constitutes one 
of the more important aspects of it. Being organized and methodical from the 
smallest to the biggest task is essential to achieve success. 
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APPENDIX A. PROJECT DISTRIBUTION 
 
 
 
 
46                                                               Design and integration of the electronic parts of a suborbital payload 
 
APPENDIX B. ACCELEROMETER CALIBRATION CODE 
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APPENDIX C. ADS1115 DATASHEET 
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APPENDIX D. ADXL335 DATASHEET 
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APPENDIX E. AD595 DATASHEET 
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